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There has been dramatic growth in world grain production over the last 50 years.
Compared with developed countries, over-fertilization on China's major cropland 270 is common (Vitousek et al., 2009; West et al., 2014) . In EU, chemical fertilizer 271 consumption increased with grain production before 1980s, but since then fertilizer 272 use started to decrease whereas grain production increased, suggesting an increase in 273 nutrient use efficiency in grain production (Figs. 2B and 4B) (Zhang et al., 2015) . A 274 similar trend was observed in USA (Fig. 2D ). In the last decade, it was estimated that 275 China was responsible for 19% of world grain production and 29% of chemical 276 fertilizer use, while USA and EU have produced 16% and 12% of global grain with 12% 277 and 8% of world chemical fertilizer consumption, respectively (calculated from Fig.   278 2). However, in Africa, the situation is different. Before 1980, the rate of increase in 279 chemical fertilizer consumption was greater than that of grain production ( Fig. 2C) . 
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The costs of adverse environmental consequences of Chinese agricultural 287 production, e.g. in terms of agricultural greenhouse gas emissions, are also very high 288 (Figs. 3A and 4A). Currently, agriculturally-related emissions based on chemical 289 fertilizer application in China are two times higher than in USA or EU. In EU, 290 emissions increased with grain production until an annual grain production of 250 Mt 291 was reached in the 1990s, but they decreased with grain production thereafter. In USA, 292 emissions steadily increased before grain production reached 300 Mt in the 1990s, 293 and remained constant with increasing grain production thereafter. Agricultural 294 emissions have continued to increase in Africa, although the intensity was quite low. 295 However, in China, agricultural emissions based on fertilizer application have 296 increased exponentially with grain production during the past 50 years (Fig. 3 ). For 297 every ton of grain produced, 82 kg of chemical fertilizers were applied in China's 298 croplands, which is more than three times as much as the amount of fertilizer in EU 299 and USA during the last decade. At the same time, agricultural emissions per ton of grain produced in China were more than four times as high as those in EU and USA 301 ( Fig. 4 ). However, China is a populous and large country, and there will be much debate over 
